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LETTERS TO THE EDITOR 
[Brief letters to the Editor that make specific scientific reference to papers pub-
lished previously in THE JOURNAL OF GENERAL PHYSIOLOGY are invited. Receipt 
of such letters will be acknowledged, and those containing pertinent scientific 
comments and scientific criticisms will be published.] 
Dear Sir: 
The mechanism of isotonic water transport across the epithelial membranes was 
recently considered in this Journal in a paper by Diamond (1), who showed that the 
fluid which drips off the gall bladder, treated as a unilateral preparation, always 
approximates a NaCl solution which is isotonic to whatever bathing solution may be 
used. From this fact the author argued against the possibility that the mechanism of 
water transport is the so-called "codiffusion," namely the consequence of a direct 
drag from the actively transported solute. 
Actually, Diamond's point was that codiffusion would not have yielded isosmotic 
transport and could not be considered as an effective mechanism when isosmotic 
transport was observed; moreover, codiffusion could hardly have been expected to 
take place at more than one osmolarity. 
However, it is our opinion that, under the experimental conditions adopted by 
Diamond, one can assume that codiffusion between solutions having the same osmo-
larity would always yield isotonic transport. It is correct that codiffusion can give 
rise to isotonic transport at only one osmolarity if the membrane separates a solution 
whose volume is large enough to prevent any remarkable change of concentration in 
the course of the experiment, but in the case of very thin layers of fluid bathing the 
external surface, such as the one involved in the unilateral preparation used by 
Diamond, the osmotic equilibrium between the two solutions can be reached rapidly, 
and requires the displacement of an amount of solvent which is too small to affect the 
internal concentration appreciably. If in this situation, an outward active transport 
of solute occurs, and if the conditions for an isosmotic drag of water from the sol-
ute leaving the internal medium are fulfilled, it becomes obvious that the osmolar-
ity of the transferred solution cannot differ too much from the initial one of the in-
ternal solution. 
As unilateral preparations are widely used in physiological research, we considered 
it worthwhile to indicate a simple procedure for the evaluation of the tonicity to be 
expected for solutions transferred under conditions such as those outlined above. 
The equation for the osmotic equilibrium is: 
where Vi and Vtot are the internal and the total volume of the system, Lp is the coeffi-
cient of the hydraulic conductivity, A is the area of the membrane, מ־• and N are the 
internal and total number of moles of solutes. 
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On the other hand the active transport of NaCl involves a progressive decrease 
of m: 
in which —n represents the total number of moles leaving the internal medium in 
unit time. 
If time is eliminated from equation (1) we get: 
which easily can be integrated approximately by series expansion of the right member. 
A zero order approximation was readily obtained by selecting the initial conditions 
corresponding to the starting values of m and Vi (n° and V°); the procedure was then 
repeated after having selected the initial conditions as given by the zero order ap-
proximation at t = 100 sec. The calculation was then iterated a tt = 200 sec, t = 300 
sec ... , the choices of the initial values having been performed at each step according 
to the method sketched above. 
The integration of a Bernoulli-type equation only is required and the solutions 
corresponding to the different sets of n° and V° converge rapidly: therefore it was pos-
sible to obtain a rapid specification of the osmotic equilibrium conditions on which, 
thereafter, the osmolality of the transferred solution must depend. 
This simple procedure was applied, as an example, to the evaluation of the osmo-
larity to be expected for the solution transferred in an experiment of Diamond's type. 
The following parameters were selected: 
Ci = 0.485 10־
s moles cm
3־, which is a value of the total initial internal concen-
tration obtained by the author mentioned by adding sucrose or raffinose to 
a NaCl physiological solution. 
C
3־ = 0.300 10־־ moles cm
3־, which is the total initial external concentration, 
approximately corresponding to that of the physiological fluid usually em-
ployed by the author as external medium. 
Vi = 2.5 cm
3, which is a mean estimate of the initial internal volume. 
Lp = 2.01 10
12־ cm
3 dyne
1־ sec
1־, which is a mean estimate of the coefficient of 
hydraulic conductivity of the membrane, as recalculated on the above 
units from the average value of osmotic permeability referred to by the 
author. 
A =10 cm
2. This figure was chosen as a convenient approximation in view of the 
uncertainty as to the real shape of the organ. 
RT = 2.577 10
1
0
 dyne cm mole
1־ at 37°C. 
«NHCI = 0.39 10
7־ moles sec
1־, which has been considered from the data of the 
author as a suitable value of the total number of moles of actively trans-
ported NaCl (per unit time). 
By finally assuming that the initial volume of the external bathing fluid is 0.1 cm
8 
(which is perhaps overestimated), it is easy to calculate that osmotic equilibrium is 
(3)  LPART tij Ftot - NVj 
n Wot - Vi) 
dVi 
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reached within 5 min. It is also possible to show that the equilibrium involves the 
equality of the internal and of the external concentration at about 0.478 10
3־ moles 
cm
3־־. 
As the above figure represents also the osmolarity of the solution transferred at any 
time after 5 min from the beginning of the experiment, we conclude that the difference 
between the initial concentration of the fluid filling the gall bladder and that of the 
fluid dripping off, is less than 2 % at any time. 
If the fluid that dripped off the gall bladder is collected for the analysis only after 
a preliminary 10 min interval has elapsed (as in the experimental procedure of 
Diamond (1)), and moreover if allowance is made for a 5 % experimental uncertainty 
in the determination of the solution tonicity (which results from a statement by 
Diamond), it is not surprising at all that the transferred solution is found to be almost 
isotonic with the initial internal one. 
Therefore, under these experimental conditions the isotonicity of the transferred 
solutions does not seem to permit necessarily any conclusion against the mechanism 
of the so-called codiffusion. 
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